Oceanic uptake and transport of bomb radiocarbon as 14 CO 2 created by atmospheric nuclear weapons testing in the 1950s and 1960s has been a useful diagnostic to determine the carbon transfer between the ocean and atmosphere. In addition, the distribution of radiocarbon in the ocean can be used as a tracer of oceanic circulation.
INTRODUCTION
Due to the long radioactive half-life the oceanic distribution of natural radiocarbon ( 14 C expressed as Δ 14 C; (Stuiver and Polach, 1977) ) reflects centennial to millennial scale circulation. Atmospheric nuclear testing in the 1950s and early 1960s resulted in an excess of 14 C which augmented the natural 14 C gradient between surface and subsurface waters. This contrast makes the distribution of radiocarbon in the surface ocean particularly sensitive to vertical mixing and lateral exchange. Oceanic uptake and transport of bomb radiocarbon as 14 CO 2 has been a useful diagnostic to determine the carbon transfer between the ocean and atmosphere and as a transient tracer of ocean circulation. The present-day distribution of bomb radiocarbon in the ocean reflects the integration of variable circulation and air-sea exchange over the last ~45 years.
We present Δ 
North Pacific Circulation
In general the shallow sub-subsurface circulation of the sub-polar North Pacific tends to follow the wind-driven circulation creating a large subpolar cyclonic gyre north of 40 degrees (Figure 1 ) (cf. Sverdrup et al., 1942; Reid and Arthur, 1975) . The southern edge of the sub-arctic gyre is delineated by the eastward flowing North Pacific Current, which is sourced in the far west from the Kuroshio Current. The Gulf of Alaska contains the third, and eastern-most of the sub-arctic cyclonic gyres imbedded in the over all cyclonic gyre of the subarctic. The Alaskan gyre is bounded to the east by the Alaskan Current, which east of Kodiak Island converges with the strong westward flowing Alaskan Stream. The western boundary is nominally at 180° where the Aleutian Islands dip furthest south and force the Alaskan Stream south, essentially closing the small gyre.
In the Gulf of Alaska, and the whole of the subpolar North Pacific, low surface water salinity maintain a large density contrast which in general suppresses deep convection.
Climatological winter mixed layer depths are on the order of 100-200 meters (Monterey and Levitus, 1997) . West to east across the subpolar North Pacific, isopycnals trend downward ( Figure 1 ). Coastal downwelling and deepening of isopycnals to the south of the Alaskan Gyre dominate the north south trend (Figure 1 ). Bowing up of the isopycnals in the center of the gyre along the meridional profile is consistent with wind driven
Ekman divergence and the large-scale North Pacific wind-field.
There are relatively few easily characterizable sub-surface water masses in the North Pacific. A major sub-thermocline water type is North Pacific Intermediate Water (NPIW) which is characterized by low salinities (~33.9 psu) and high oxygen content (e.g., Talley, 1991; Talley et al., 1991; Tsunogai et al., 1995) . Utilizing salinity and oxygen to define it places the core of this water mass at a potential density (σ t ) of 26.8 kg/m 3 . NPIW is one of the major interior water masses of the North Pacific and its fundamental characteristics can be traced to ~20°N and along Baja to near the equator.
Waters of this density (in a climatological sense) do not outcrop in the open subpolar
North Pacific and it has been determined that the source of much of this water is from the Sea of Okhotsk (Talley 1991; Talley et al., 1991) . The northern extent of NPIW is delimited by the subarctic front except in the east where a tongue of low salinity water at the appropriate density is found around the eastern side of the Gulf of Alaksa (Talley   1993) .
Transient tracers such as chlorofluorocarbon and "bomb" derived tritium and radiocarbon data indicate that NPIW waters are in general a few decades old (e.g., Watanabe et al., 1994; Warner et al., 1996; Tsunogai et al., 1995; Van Scoy et al., 1991a) and that the circulation follows that of the surface waters, albeit offset slightly to the east and south. The tracer data indicates that direct air-sea exchange in the open North Pacific is limited, with most of NPIW being formed in the Sea of Okhotsk. However, in their analysis of transient tracer data Van Scoy et al. (1991b) inferred that there does appear to be wintertime ventilation in the Gulf of Alaska with sufficient vigor as to mix into NPIW.
Subsequent analysis of WOCE P17 chlorofluorocarbon and hydrographic data collected in 1993 (Aydin et al., 1998) imply modification of NPIW and subsurface waters within the Gulf of Alaska and the Alaskan gyre in particular. Half-litre glass bottles were filled from the bottom and allowed to flush for twice their volume prior to poisoning with mercuric chloride and storage. Following standard protocols, total dissolved inorganic carbon was quantitatively stripped via acidification and purging with nitrogen at the School of Oceanography, University of Washington (UW). Aliquots of cryogenically purified CO 2 were analyzed for δ
METHODS

13
C at UW and the remaining CO 2 transferred to the Center for AMS in glass ampules.
CO 2 was reduced to elemental graphite in the presence of iron catalyst and a stoichiometric excess of hydrogen similar to the method described by Vogel et al., (1987) . Graphite targets were measured at CAMS. Raw data ( 14 C/ 13 C ratios) are normalized to the average of six bracketing aliquots of the primary standard (OX-1) for each pass through a sample group. Counting errors (primary standard and unknown) are propagated through the analysis and are assumed to be Gaussian (cf. Bevington and Robinson, 1992) . The average of the n-measurement-cycles of each unknown is then determined and for the final error, the larger of the counting error or the external error of the n-cycles is chosen. CAMS 14 C data are based on 14 C/ 13 C atom ratios not decay counting to obtain specific 14 C activities. The algorithms used (Southon unpublished) are similar to those developed at Arizona (Donahue, Linick, and Jull, 1990 times (ie., 1x10 6 14 C events) but beam-time considerations precluded this. The last set of "ultra-precision" samples were only analyzed for ~7.5x10 5 14 C events.
RESULTS
The southern boundary of the sub-polar gyre is approximately demarked by the zero-line of the curl of the wind-stress. To estimate the southern end of the gyre we calculated the zero line of the curl of the wind stress using a simple bulk formula approximation of the u/v stress and the average May-June 2002 surface u and v wind velocities provided by the NCEP reanalysis (cdc.noaa.gov). In this case we calculated pseudo-stress; for u-vector this is given by τ u = ρ a *C d *abs(U)*U where ρ a is the density of air, C d is a unit-less drag coefficient ~1.4x10
, and U is the u-component of the wind velocity. The southern-most stations, are likely to have been either outside the gyre or at the gyre boundary in the North Pacific Current (Figure 2 ). This would be comparable with Western Subpolar Water and the transition zone described in Aydin et al., (1998) .
Fundamental oceanographic and carbon isotope data are tabulated in tables 1,2, and 3. Table 1 contains the under-way surface data, and table 2 Salinity gradually increases to 33.91 at 340 meters and then increases in a more regular fashion to 34.60 at 2200 meters. Oxygen concentrations increase from 264µmolar at the surface to a sub-surface maximum of 302µmole/kg at 42 meters and high oxygen concentrations to the halocline. Below the halocline oxygen concentration rapidly decreases to a 300 meter thick oxygen minimum (2.8-5.5 µm/kg) zone between ~800 and 1100 meters. Oxygen concentration increases to ~64µm/kg by 2200 meters.
In both profiles there is a well-mixed (with respect to Δ 14 C) surface layer. At
Patton this layer is to at least 50m but less than 100m and would be consistent with the The "ultra-precision" replicates were determined over the span of three different sample wheels and two different AMS runs and include both "within" wheel and between wheel replicates -i.e., a realistic albeit limited test of external variability. As discussed in the methods section, due to beam-time limitations some of the samples were only analyzed for ≥7.5x10 5 14 C events, not the full ≥1x10 6 . The average fractional error of the thirty-three pairs of targets is 0.94‰ ( Figure 6 ). The majority of the pairs replicate within 1-σ, two pairs at 2-σ, and the third will keep us honest.
DISCUSSION
Evolution of 14 C and Ocean Circulation
Surface The observation that the lowest Δ 14 C and hence radiocarbon age is not coincident with lowest oxygen concentrations indicates a decoupling between oxygen concentration (or apparent oxygen utilization) and ventilation age. This would be caused by high oxygen consumption during remineralization of organic matter along the margin of northern North America and within the water column under areas of high productivity.
"Ultra-Precision" 14C Analyses
The average fractional error of the thirty-three pairs of carefully "split" CO 2 and individually graphitized targets is 0.94‰. To the best of our knowledge, these are the first ~1‰ AMS results on real-world samples. These results indicate that with high negative ion sputter efficiency and complete beam transport that it is possible to achieve results comparable to the best liquid scintillation laboratories. In this experiment we did not see the deleterious and potentially limiting effects described by Nadeau et al., (1987;  source peculiarities. The CAMS spectrometer system was designed with performance and capabilities not available in commercially available AMS systems or similar systems at many nuclear physics laboratories. All high energy magnets have 5cm apertures and all quadrapole lenses in the beam-line have 10cm apertures. This results in better optics with complete transmission and no fractionation [Davis et al., 1990; Davis et al., 1992] .
Unlike many other cesium sputter sources, the CAMS system does not seem to introduce appreciable time-dependent fractionation during the course of analyzing indvidual targets or at variable ion currents [Southon et al., 1991] . Due to the design of the low energy injection system, no beam is lost even at high source emittance. All this being said, the true test of this type of measurements is not as a "one-off" but long-term reproducibility with precision and accuracy. One meter average upcast temperature, salinity, oxygen averaged over 3m interval centered on bottle firing. † = ~1E6 14C events ¥ = ~7.5E5 14C events • = normal precision One meter average upcast temperature, salinity, oxygen averaged over 3m interval centered on bottle firing. † = ~1E6 14C events ¥ = ~7.5E5 14C events • = normal precision
CONCLUSIONS
